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Cellular radio system 

Field of the invention 

The invention relates to a cellular radio 
5 system comprising a plurality of mobile radio stations 
roaming in the system, a "plurality of base stations*/' 
each base station comprising at least one radio trans- 
mitter and radio receiver, an antenna means with a 
predetermined radio coverage area, and one or more allo- 
10 cated radio channels for establishing a radio connection 
with the mobile radio stations within the predetermined 
radio coverage area, at least the base stations with 
adjacent radio coverage areas having different allocated 
radio channels. 

15 

Background of the invention 

In cellular mobile radio networks the geo- 
graphical area covered by the network is divided into 
radio cells, each of which has at least one base sta- 

20 tion. A certain number of frequencies (radio channels) 
are allocated to each base station, and said channels 
may in turn be shared by a plurality of TDMA (Time Divi- 
sion Multiple Access) traffic channels- The size and 
distribution of cells and the number of radio channels 

25 available to them are typically determined by the 
traffic capacity demand in said area. However, a 
cellular mobile radio network may include cells or 
larger areas where the traffic capacity demand may rise 
temporarily, e.g. at particular times of the day, to a 

30 very high level. If the number of radio channels in a 
cell is set on the basis of said instaneous maximum 
capacity demand, the number of radio channels increases, 
and consequently the amount and cost of radio equipment 
in a base station also becomes higher. Further, this 

35 kind of solution does not result in effective 
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utilization of radio frequencies in a network. On the 
other hand, if the number of radio channels and the 
equipment of the base station are not set on the basis 
of maximum traffic, the number of failed call attempts 
5 becomes very high in said area at peak hours. 

Summary of the invention 

The object of the invention^ is to overcome this 

problem - 

10 Tnis i S achieved by a cellular radio system 

according to the invention, the system comprising at 
least one base station including an antenna means (ANT1, 
44) that can be directed automatically or by remote 
control, depending on the time of the day or variation 

15 in regional traffic load. 

The basic idea of the invention is that at 
least one base station may, by mechanically re-directing 
its antenna according to traffic demand, direct part or 
all of its capacity (radio and / or traffic channels) 

20 to the area of the radio cell where the traffic capacity 
demand has temporarily increased. An advantage of the 
invention is that the number of channels in a single 
radio cell need not be set on the basis of an instantan- 
eous maximum capacity demand in said radio cell but it 

25 can be set on the basis of an average maximum capacity 
demand in a plurality of adjacent radio cells. If 
necessary, the traffic capacity of a single cell may 
be increased by directing part of the capacity of the 
neighboring cells thereto, whereby the capacity of the 

30 network may be effectively controlled regionally and a 
" higher utilization., of the equipment and frequency / 
traffic channels of the base stations may be 
accomplished. Also, more effective utilization of radio 
channels in the entire network is achieved with the 

35 i nvention - 
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This kind of base station with a directable 
antenna may also be a so called extra base station which 
does not actually have a cell of its own and which is 
located at the peripheral area of a plurality of cells 
5 to selectively increase traffic capacity. 

Advantageously, a base station comprises a 
drive means for re-directing the antenna by turning it 
mechanically. This may be performed automatically or 
manually , remote controlled by an operator, from the 
10 control center of the system. 

Brief description of the drawings 

In the following the invention is described in 
greater detail by means of illustrating embodiments with 
15 reference to the attached drawing wherein 

Fig. 1 shows a schematic view of a cellular 
mobile radio network in which the process of the present 
invention may be applied, and 

Fig. 2 shows a block diagram of a transmitter 
20 section and a receiver section of a base station accord- 
ing to the invention. 

A detailed description of the invention 

The invention may be applied to regional 

25 control of traffic capacity of a mobile radio network 
in any digital mobile telephone or mobile radio system, 
such as the European mobile telephone system GSM (Groupe 
Special Mobile), and in an analogue mobile telephone or 
radio system, such as the Nordic Mobile Telephone system 

30 NMT. With regard to the basic idea of the invention the 
analogue and digital systems are identical although in 
a typical analogue mobile radio system one frequency, 
i.e. radio channel, provides one traffic channel, 
whereas in a typical digital mobile radio system the 

35 traffic capacity is higher since several, typically 8, 



BNSDOClD: <WO _ 9312S87A1 I > 



WO 93/12587. • . . PCT/FI92/00328 



-traffic channels are time division multiplexed to each 
radio channel on a TDMA principle, i.e. on one radio 
channel may be up to 8 simultaneous connections between 
a base station and mobile radios. The basic configura- 
5 tion and operation of the GSM and NMT mobile phone 
systems are well known to those skilled in the art and 
defined fairly accurately by the specifications of each 
system. 

A mobile radio network may comprise one or more 
10 MSC areas, i.e. areas where services are provided by one 
mobile switching center MSC (mobile exchange). The MSC 
area may in turn consist of one or more location areas, 
which are areas covered by a plurality of radio cells. 
A cell is the smallest geographical area of the system, 
15 comprising one or more fixed radio transceivers or base 
transceiver stations BTS and utilizing predetermined 

radio channels. 

Fig. 1 shows an embodiment of an MSC area or a 
location area of a cellular mobile radio network where 

20 the present invention may be applied. The geographic 
area covered by the cellular mobile radio network is 
divided in an essentially continuous manner into smaller 
radio areas, i.e. into radio cells CS1, CS2, CS3 and 
CS4, such that adjacent radio areas limit one another 

25 or overlap in their peripheral areas. Accordingly, in 
each radio cell CS1 to CS4 is located at least one fixed 
radio station or base station BTS1 to BTS4 capable of 
establishing a connection on the radio channels allo- 
cated to it, i.e. pairs of transmitting and receiving 

30 frequencies (duplex interval e.g. 45 Mhz), with the 
mobile radios MS" currently located or roaming in its 
radio cells CS1 to CS4: , Xt is typical that the radio 
channels allocated are different at least in adjacent 
radio cells. Each base station BTS has also signalling 

35 and traffic channel links with a mobile exchange MSC, 
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which controls the operation of one or more base sta- 
tions within its MSC area. For the sake of simplicity 
it is assumed in the embodiment of Fig. 1 that all base 
stations BTS1 to BTS4 have a common mobile exchange MSC. 
5 Each base station BTS1 to BTS4 of the cellular 

mobile radio network typically comprises at least one 
radio transmitter and one receiver; in the embodiment 
of Fig. 2, there are two radio transmitters 21 and 22 
and two radio receivers 33 and 34 connected to an 

10 antenna unit ANT1. The size and shape of the radio 
coverage (radiation pattern) of the antenna unit ANT1 
determine the size and shape of the radio cell of the 
base station. The antenna unit ANT1 may comprise 
separate antennae for transmitting and for receiving. 

15 In the transmitter section of the base station 

radio transmitters 21 and 22 are connected directly to 
a combiner 24 combining the radio frequency transmission 
signals of the radio transmitters 21 and 22 and feeding 
the combined signal to the antenna unit ANT1. 

20 In the receiver section of the base station the 

antenna unit ANT1 is connected to radio receivers 33 and 
34 via a distribution amplifier unit 32. 

Normally the base station BTS has a fixed 
coverage area determined by the radiation patterns of 

25 one omnidirectional antenna or, alternatively, of one 
or more directional antennae. All the radio channels 
of the base station are within the coverage area of the 
main antenna unit ANT1 , i.e. available to the mobile 
radios in the radio cell of the base station. 

30 However, situations occur where e.g. the 

traffic in the radio cell CS4 may temporarily exceed the 
capacity of the base station BTS4 of the cell... For 
example, the area covered by the cell CS4 may include 
the end of a motorway which is the main entry to the 

35 city and where traffic jams between 7.00 and 8.30 am. 
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Correspondingly, the area covered by another radio cell 
CS1 may include e.g. an industrial and office area where 
the most telephone traffic occurs between 8.30 and 
16.00. The cell CS2 may cover an area including a sports 
5 stadium or a fair area and the capacity demand for tele- 
phone traffic is high when events are organized therein. 

If the number of radio channels in the base 
stations BTS is determined in view of the peak hours, 
the utilization of the radio channels is low at the^ 

10 system level. 

The system of the invention comprises at least 
one base station with an antenna / antennae directable, 
depending on the regional variation in traffic load, to 
the near-by areas currently requiring the most traffic 

15 capacity. In the embodiment of Fig. 1 the cells CS1, CS2 
and CS4 have in their vicinity a base station BTS 5 which 
has an antenna with a radiation pattern that can, if 
necessary, be directed to the directions 1, 2 and 3 to 
compensate and eliminate load peaks of telephone traffic 

20 in the cells at different times. 

Fig. 3 illustrates a few possible ways to 
control the directing of the radiation pattern of the 
antenna in the base station BTS 5. The base station BTS 5 
is identical to the base stations BTS1 to BTS4 in its 

25 basic structure but, in addition, it includes a mechan- 
ical drive means 43 connected to a frame 45 (mast) for 
re-directing the directional antenna unit 44 (usually 
includes different antennae for transmitting and 
receiving) by turning the antenna unit. The drive means 

30 is, for example, a step-by-step controllable electric 
motor' 43 , which may turn the antenna unit 41 at least 
in a.,horizontal plane, advantageously also in a vertical 
plane. Vertical directability is advantageous e.g. when 
the antenna unit is located at a high location since the 

35 antenna unit can then be directed to a near-by area at 
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a lower level by inclining the antenna towards the area 
in a vertical plane! Also the length of the antenna lobe 
(radiation pattern) may be affected by turning the 
antenna in a vertical plane. 
5 The antenna turning means 43 may be controlled 

in many ways, some of which' are illustrated in Fig, 3. 
The directability of the antenna 44 in response to 
different times of the day and the corresponding control 
operations of the turning means 43 may be automatic and 

10 permanently programmed to a particular timer unit 42. 

Thereby the antenna of the base station BTS5 may be re- 
directed automatically depending on the time of the day 
and / or the day of the week, e.g. such that from 7.00 
to 8.30 am the antenna of the base station BTS5 assumes 

15 the direction 1 (motorway), from 8.30 to 16.00, the 
direction 2 (office and industrial area), and when 
events are arranged at the sports stadium, the direction 
3. 

Alternatively, the turning means 43 of the 

20 antenna 44 may be controlled by remote control from the 
control center 41 of the radio system either manually 
or by preprogramming depending on the time and the load- 
ing of the network. 

Further, the radio system may comprise a 

25 separate capacity control unit OMCRN, which, depending 
on the time and / or the loading of the system, auto- 
matically directs channel capacity to the loaded areas 
by controlling e.g. the antenna turning unit 43 of the 
base station BTS5. The system may comprise one OMCRN 

30 unit for the entire system or several OMCRN units, each 
of which controls part of the system. An OMCRN unit also 
makes it possible to take into account the effect the 
directing of the antennae has on elsewhere in the radio 
network. An OMCRN unit or the corresponding operations 

35 may also be integrated to a mobile exchange MSC. For 
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example, a mobile exchange MSC (or another element in 
the network) may, on detecting overloading o£ a base 
station BTS1, generate an alarm to a capacity control 
unit OMCRN, whereby the OMCRN instructs the turning 
5 means 43 of the base station to turn the antenna 44 to 
the direction 2. 

The Figs, and the account thereof are intended 
only to illustrate the present invention. In its details 
the radio system according to the invention may vary 
10 within the scope of the attached claims. 
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Claims 

* 1 . A cellular radio system comprising a 

plurality of mobile radio stations roaming in the 
5 system, a plurality of base stations (BTS1-BTS4), each 
base station comprising atr least one radio transmitter 
(21,22) and radio receiver (33,34), an antenna means 
(ANT1) with a predetermined radio coverage area 
(CS1-CS2 ) , and one or more allocated radio channels for 

10 establishing a radio connection with the mobile radio 
stations (MS) within the predetermined radio coverage 
area (CS1-CS4), at least the base stations with adjacent 
radio coverage areas having different allocated radio 
channels, characterized in that the system 

15 comprises at least one base station (BTS5) including a 
directional antenna means (ANT1,44) having means (43) 
for redirecting the radiation pattern of the antenna 
means automatically or by remote control, depending on 
the time of the day or variation in regional traffic 

20 load. 

2. A cellular radio system according to claim 
1, characterized in that said at least one 
base station (BTS5) comprises drive means (43) for re- 
directing the antenna means (44) by turning it mechan- 

25 ically. 

3. A cellular radio system according to claim 
1 or 2, characterized in that the antenna 
means is automatically directable in response to the 
time of the day and / or the day of the week. 

30 4. A cellular radio system according to claim 

1 or 2, characterized in that the antenna 
means is directable automatically or manually to the 
f near-by areas currently requiring the most traffic 

capacity. 

35 5. A cellular radio system according to claim 
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1 or 2, characterized in that: the system 
comprises means (OMCRN) for re-directing the antenna 
means (44) on the basis of an overload alarm generated 
by an element in the system. 
5 6. A cellular radio system according to any one 

of the preceding claims, characterized in 
that the system is a digital cellular radio system and 
that each radio channel comprises a plurality of TDMA 
-traffic channel time slots. 
10 7 . A cellular radio system according to any one 

of claims 1 to 5, characterized in that the 
system is an analogue cellular radio system. 
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FIG. 2 
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